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SiC nanocrystalline films on Si substrates deposited using advanced electron-cyclotron-resonance
chemical-vapor deposition exhibit intense visible light emission at room temperature under laser
excitation. Continuous-wave and time-resolved photoluminescence measurements for these SiC
films were carried out at room temperature. The photon energy of the dominant emission peaks is
higher than the band gap of cubic SiC. Room-temperature optical absorption measurements show a
clear blueshift of the band gap of the samples with a decrease of the average size of the nanoclusters,
indicating an expected quantum-confinement effect. However, the emission spectra are basically
independent of the size. Temporal evolution of the dominant emissions exhibits double-exponential
decay processes. Two distinct decay times of ;200 ps and ;1 ns were identified, which are at least
two orders of magnitude faster than that of the bound-exciton transitions in bulk 3C–SiC at low
temperature. Strong light emissions and short decay times strongly suggest that the radiative
recombinations may be from some direct transitions such as self-trapped excitons on the surface of
the nanoclusters. © 2000 American Institute of Physics. @S0003-6951~00!04618-0#Silicon carbide ~SiC! is an ‘‘old’’ but important semi-
conductor material. In recent years, there is an overall re-
newed interest in this material due to development of new
growth techniques.1–3 SiC light-emitting diodes ~LEDs! are
one of its optoelectronic device applications. However, due
to the intrinsic indirect-band-gap character, the quantum ef-
ficiency of the best SiC LED reported so far4 is still as low as
about 1024. Visible photoluminescence ~PL! and electrolu-
minescence ~EL! of hydrogenated amorphous SiC(a-SiC:H)
films were observed in 1978 ~Ref. 5! and 1983,6 respectively.
Shortly thereafter, a so-called a-SiC:H thin-film LED made
of a-SiC:H p–i–n junctions was demonstrated.7 Although
the brightness of this a-SiC:HLED is high enough to be
observed by the eye, it is still too low for any practical ap-
plication as a display panel.8 Microcrystalline SiC alloys de-
posited by electron-cyclotron-resonance chemical-vapor
deposition ~ECRCVD! were utilized as carrier injection lay-
ers to improve the performance of a-SiC:H LEDs.8 Recent
research work9,10 in ECRCVD SiC coating technology has
demonstrated the potential for fabricating high-quality SiC
x-ray mask membranes. Furthermore, the microstructure of
SiC films on Si deposited by the ECRCVD technique was
found to be an amorphous matrix embedded with nanosized
crystalline particles.9,10 On the other hand, obviously in-
spired by the discovery of porous Si emitting strong lumi-
nescence, some groups reported PL and EL spectra of porous
SiC fabricated using single-crystal SiC polytypes such as 3C,
4H, and 6H.11–14 However, there has been little work on the
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ited on Si using the ECRCVD technique. In this letter, we
report the steady-state and transient luminescence character-
istics of SiC nanocrystalline films grown on Si using
ECRCVD. SiC films emit intense visible light at room tem-
perature under excitation of a short-wavelength laser. The
measured two luminescence decay time constants are ;200
ps and 1 ns. The strongly enhanced luminescent efficiency
may be due to direct optical transitions.
The SiC films investigated here were deposited on Si
~100! substrates using the ECRCVD technique. Details of the
growth will be published elsewhere.15 Here, we focus on the
luminescent properties of two typical samples.
In the steady-state PL measurement, an argon-ion laser
with a wavelength of 351 nm and output power of 5 mW was
used as the excitation light source. The emission signal was
dispersed in a double 0.25 m monochromoter and was de-
tected by a photomultiplier tube using a standard lock-in
amplification technique. For time-resolved PL measure-
ments, the excitation light was ;2 ps pulses with a wave-
length of 400 nm from frequency doubling of a 800 nm line
of a mode-locked Ti:sapphire laser. The transient lumines-
cence signal was dispersed in a 0.25 m monochromoter and
was captured by a streak camera. The overall temporal reso-
lution of the whole system is about 15 ps. Atomic-force mi-
croscopy ~AFM! observation on the morphology of the
samples was performed in a Digital Instruments NanoScope
III with tapping mode.
Figures 1~a! and 1~b! show the AFM pictures of samples
D and E, respectively. Both samples were grown under the0 © 2000 American Institute of Physics
AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp
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gases. For sample D, the flow ratio of H2:SiH4:CH4 is
100:10:3, while for sample E, the flow ratio is 100:5:1. The
nanosized clusters embedded in the films can be clearly seen
in Fig. 1. Compared with that of sample D, the average di-
ameter of the SiC clusters of sample E is larger. Moreover,
the surface roughness of sample E is smaller than that of
sample D. From the absorption spectra shown below, the
size-dependent effect of the band gap of the SiC nanocrystals
can be demonstrated. Figure 2 shows the room-temperature
PL spectra and absorption spectra of samples D and E. We
first discuss the absorption spectra of the SiC nanocrystals.
Like porous Si, the SiC nanocrystals exhibit unstructured
optical absorption spectra due to the large distribution of the
cluster size. The minimum indirect-band gap of cubic SiC
~also called 3C–SiC! is the energy separation between G15V
and X1C .16 Its value is about 2.2 eV at room temperature.17
Above this transition the absorption coefficient a should fol-
low the well-known law of Aa(\v)}(\v2Eg1) for
indirect-band-gap semiconductors.18 For an allowed direct
transition, a photon energy dependence of the absorption co-
efficient should be expected as a(\v)2}(\v2Eg2).19 Fol-
lowing Ben-Chorin et al.’s work19 on Si nanocrystals, indi-
rect band gaps extrapolated from measured absorption
spectra are ;2.32 and ;2.12 eV for samples D and E, re-
spectively, which are close to the minimum indirect band
gap of 3C–SiC. Possible direct band gaps of ;3.5 and
;2.94 eV are deduced for samples D and E, respectively.
FIG. 1. AFM pictures of the SiC nanocrystal films of samples D ~a! and E
~b!.Downloaded 03 Nov 2006 to 147.8.21.97. Redistribution subject to The large difference between the possible direct band gaps of
samples D and E shows clear evidence for quantum confine-
ment. However, the emission spectra of samples D and E
exhibit independence of the cluster size, as shown in Fig. 2.
Indeed, this is a quite puzzling problem, which also occurs in
Si nanocrystals.20 Like Si nanocrystals, all SiC nanocrystals
display broad emission spectra even covering the whole vis-
ible light region. Most of the peaks in the PL spectrum of
sample E stem from optical interference between the top sur-
face of the films and the top surface of the Si substrates. We
also found that the luminescent characteristics of the samples
are very stable. For example, we did not observe any degra-
dation of the emission intensity eight months after the
samples were stored in air. This characteristic is very impor-
tant for practical applications of SiC nanocrystals in opto-
electronic devices.
Figure 3 shows the time evolution of the luminescence
intensity of the dominant emissions from samples D and E at
room temperature. The solid lines show the biexponential
fitting results to the experimental data. Two decay time con-
stants of 166, and 772 ps were obtained for sample D, while
decay time constants of 246 and 974 ps were identified for
sample E. It should be noted that the decay times of about 1
ns are at least two orders of magnitude faster than that of the
bound-exciton transitions of bulk 3C–SiC at low
temperature.21 The biexponential decay implies that multi-
levels may be involved in radiative recombination. A more
interesting phenomenon is that SiC nanocrystals at room
temperature have comparable PL decay times with high-
quality bulk direct-band-gap semiconductors22,23 and their
low-dimensional structures such as quantum wells24,25 and
quantum dots25,26 at low temperature. Recently, Wilcoxon
and Samara27 reported a radiative lifetime of ;1 ns of the
blue light emission of crystalline Si nanosized particles in the
size of ;2 nm. They attribute the transition to direct recom-
bination at the Brillouin-zone center. The observed intense
FIG. 2. Room-temperature optical absorption and steady-state PL spectra of
samples D and E.AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp
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gest that the dominant radiative recombinations in the SiC
nanocrystals are from direct optical transitions. It is known
that the surface states play a core role in the influence of the
optical and electrical properties of nanoclusters because of
such a high surface-to-volume ratio.28 Koch, Petrova-Koch,
and Muschit29 suggested that surface states may act as lumi-
nescent centers in Si nanocrystals. Recently, Allan, Delerue,
and Lannoo30 theoretically demonstrated the stability of the
self-trapped exciton state at the surface of a Si nanocrystal
using semiempirical and ab initio local-density calculations.
According to their calculations, these luminescent surface
states are obtained for dimer bonds passivated, for instance,
by hydrogen atoms or by silicon oxide. They also found that
the light emission from such trapped excitons is basically
independent of cluster size. In this regard, it is noted that we
use highly pure hydrogen gas as the diluting agent of SiH4
and CH4 in the synthesis. Therefore, it is quite possible that
our SiC nanoclusters are terminated by hydrogen. Significant
reduction of the nonradiative rate due to termination of dan-
gling bonds at the nanocrystal surface was addressed
previously.28 Allan et al.30 also also pointed out that the self-
trapped exciton model is likely to be valid for all types of
semiconductor nanocrystals. It is interesting that the lifetime
of self-trapped excitons in the Si nanocluster calculated by
them is close to 1 ns. We are thus led to conjecture that the
dominant optical transition in SiC nanocrystals is due to the
surface self-trapped excitons proposed by Allan, Delerue,
and Lannoo.30
In summary, we have grown nanocrystalline SiC films
on Si using ECRCVD. These SiC films emit intense visible
light at room temperature under excitation of a short-
wavelength laser. The steady-state and ps time-resolved PL
spectra of these samples were measured at room temperature.
FIG. 3. Room-temperature PL decay curves of the dominant emission peaks
of samples D and E. The solid circles represent the experimental data while
the solid lines show the biexponential fitting results.Downloaded 03 Nov 2006 to 147.8.21.97. Redistribution subject to It was found that the PL decay time in the nanosecond scale
is at least two orders of magnitude faster than that of the
bound-exciton transitions in bulk 3C–SiC at low tempera-
ture. Direct optical transitions, such as surface self-trapped
exciton transitions, should be responsible for the dominant
emissions with a decay time of ;1 ns. This nanocrystalline
SiC film emitting strong visible light should be a promising
material for fabrication of white-light LEDs.
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